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( ) kPShi $\mathrm{T}\mathrm{s}n_{\mathrm{J}}\mathfrak{l}$ )
2/3 $P$ Hodge , [T4] –
, 1/3 $P$
$P$ \’etale cohomology potentially semi-stable
. $p$ Hodge [I] .
crystalline, semi-stable, de Rham ( $B_{\mathrm{c}\mathrm{r}\mathrm{y}\mathrm{s}},$ $B_{\text{ }\mathrm{t}},$ $B_{\mathrm{D}\mathrm{R}}$
) [Fol], [Fo2], [Fo3] .
$p.\cdot \text{ }$
Hodge [I] . $\cdot$
Hodge ,
proper hypercovering ,
([De]) . $P$ , de Jong
alteration [DJ] ( base change , hypercovering
) semi-stable reduction (
base change ) proper hypercovering ,
hypercovering $P$ Hodge $(C_{\mathrm{s}\mathrm{t}})$ . , $C_{\mathrm{s}\mathrm{t}}$
$([\mathrm{H}-\mathrm{K}\mathrm{a}],[\mathrm{K}\mathrm{a}3],[\mathrm{T}3])$ – simplicial ,
\’etale hypercovering . syntomic cohomol-
ogy syntomic cohommology \’etale cohomology , $[\mathrm{T}3]\S 3$
[Fo-M] $\log$ (\S 2, \S 3 ) . ( syntomic site
crystalline cohomology C.Breuil
[Br]. ) , G.Faltings , almost \’etale
semi-stable reduction , $C_{\mathrm{s}\mathrm{t}}$ –
$([\mathrm{F}\mathrm{a}])$ . . . .,
$K$ $P>0$ , $O_{K}$ ,
$k$ . $k$ Witt $W$ , $K_{0}$
. $k,$ $W,$ $IC_{0}$ Frobenius $\sigma$ . $S=\mathrm{S}\mathrm{p}\mathrm{e}\mathrm{c}(O_{K}),$ $\eta=$
$\mathrm{S}\mathrm{p}\mathrm{e}\mathrm{c}(K),$ $s=\mathrm{S}\mathrm{p}\mathrm{e}\mathrm{c}(k)$ , $S$ $\log$ $N,$ $N$ 8
$L$ . $\eta$ $N$ $\log$ . , $(S, N)$
$4_{\mathrm{i}}\sigma)$ smooth fine saturated $\log$ scheme $(X, M)^{-}C\backslash ,$ $X\mathrm{B}^{\grave{\grave{\mathrm{a}}}}s_{-\llcorner}$ proper, $X\text{ }$ special
fiber . $(\lambda_{\eta’\eta}’M):=(X, M)\cross(S,N)\eta,$ $(_{J\iota_{s}^{r}}, M_{S}):=(X, M)\cross(S,N)$
$(s, L)$ . ( (X, $M$ ) $(S, N)$ universally saturated ,
$(\lambda_{s}^{7}, M_{s})$ $(s, L)$ of Cartier type . ) , $S$ proper
flat regular scheme $X$ special fiber $X$ ,
special fiber $\log$ $M=O_{X}$ $O_{X_{\eta}}^{*}$ $(j : J1_{\eta}^{r}arrow X)$ ,
. $W$ , scheme, $\log$ scheme $\mathrm{m}\mathrm{o}\mathrm{d} p^{n}$ reduction
$n$
.
\S 1 Crystalline cohomology & de Rham cohomology
, (X, $l\downarrow r_{)}$ crystalline cohomology ( - cohomol-
$\mathrm{o}\mathrm{g}\mathrm{y}$ ) ( $[\mathrm{H}],$ [H-Ka]) .
$\Gamma(s, L)arrow karrow[]\nu \mathfrak{s}_{n}^{\gamma}$ ( $[]$ $\mathrm{T}\mathrm{e}\mathrm{i}_{\mathrm{C}}\mathrm{h}\mathrm{i}\mathrm{m}\ddot{\mathrm{u}}11\mathrm{e}\mathrm{r}$ representative) $\mathrm{S}\mathrm{p}\mathrm{e}\mathrm{c}(l!V_{n})$
$\log$ $l,V_{7l}(L)$ . $W_{1}(L)=L$ . (X, $\Lambda^{l}I$ ) crystalline co-
Typeset by $A_{\mathcal{M}^{S-\mathrm{q}}\mathrm{E}\mathrm{X}}$
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homology
(1.1) $\mathbb{Q}\otimes\lim_{arrow,n}H^{q}(\mathrm{C}\mathrm{r}\mathrm{y}\mathrm{s}(x_{S}, Ms)/(W_{nn}, W(L)))$
, $K_{0}$ . $D^{q}$ . $(_{J}\mathrm{x}_{S}^{\gamma}, Ms)$
Frobenius , $D^{q}$ $\sigma-$ $\varphi$ (Frobeinus ) .
$D^{q}$ , $(W_{n}, W_{n}(L))2$ $W_{n}$ fiber HPD-stratification
, $N\varphi=p\varphi N$ $D^{q}$ K- (mon-
odromy ) . $\varphi$ , $N$ .
“
$lVI_{s}$ $L$ ” $O_{(X_{S},M_{S})}/(\nu v_{n},wn(L))$ ideal $K_{()}Xs’ Ms/(W_{\mathcal{R}},\nu vn(L))$
crystalline cohomology , crystalline cohomology with proper
support $D_{c}^{q}$ . $M_{\eta}$ $D^{q}=D_{c}^{q}$ . $X$ $S$
$d$ , trace Tr: $D_{c}^{2d}arrow K_{0}$ , pairing
(1.2) $D^{q_{\otimes_{K_{0}}}}D_{c}2d-q \bigcup_{arrow D_{c}^{2d}}arrow K_{0}\mathrm{T}\mathrm{r}$
(Poincar\’e ) $([\mathrm{H}],[\mathrm{T}1])$ .
13 $X$ $S$ smooth $M_{\eta}$ , $D^{q}$ $\log$ $\mathbb{Q}\otimes H_{\mathrm{C}}^{q}(\mathrm{r}\mathrm{y}\mathrm{s}X_{s}/\iota/V)$
– . $X$ $S$ smooth , $\log$ crys-
talline cohomology . semi-stable reduction
$D^{q}$ cohomology , $C_{\mathrm{s}\mathrm{t}}$ – Fontaine-Jannsen
.
$(_{J\mathrm{v}_{\eta’\eta}}M)$ de Rham cohomology $H^{q}(\prime \mathrm{Y}_{\eta}, \Omega_{x_{\eta}}(\log M_{\eta}))$ ,
$D_{\mathrm{D}\mathrm{R}}^{q}$
$\langle$ . [De-Il , Hodge spectral sequence
(1.4) $E_{1}^{a,b}=H^{b}(X_{\eta}, \Omega a(X_{\eta}\log M_{\eta}))\Rightarrow D_{\mathrm{D}\mathrm{R}}^{a+b}$
$([\mathrm{T}3]4.7.9)$ . spectral sequence $D_{\mathrm{D}\mathrm{R}}^{q}$ ltration $FilrD_{\mathrm{D}\mathrm{R}}^{q}$









$\cong$ $\mathbb{Q}\otimes\lim_{arrow_{n}}H_{\mathrm{C}}q(\mathrm{r}\mathrm{y}\mathrm{s}(_{J}\mathrm{Y}n’ Mn)/(Sn’ N_{n}), J_{(Xn\Lambda/_{I}n}^{[r]},))/(s_{n},N_{n})$.
$M_{\eta}$ scheme $\mathit{0}_{x_{\eta}}$ ideal $IC_{X_{\eta}}$
, de Rham cohomology with proper support $H^{m}(_{J}\mathrm{x}’\eta’ I^{\nearrow}\mathrm{t}x_{\eta}\Omega X_{\eta}(\log NI)\eta)$
, $D_{\mathrm{D}\mathrm{R},c}^{q}$ . $J\mathrm{Y}_{\eta}$ $d$ , $\mathrm{T}\mathrm{r}\mathrm{a}\mathrm{c}\mathrm{e}$ Tr: $D_{\mathrm{D}\mathrm{R},c}^{2d}arrow$
$I_{1}^{\nearrow}$ , pairing (Poincar\’e ) $([\mathrm{T}1])$ .
(1.6) $D_{\mathrm{D}\mathrm{R}^{\otimes_{I_{\mathrm{t}}}D_{\mathrm{D}\mathrm{R}}^{2}}}^{q.-m} \prime d,\mathrm{C}\bigcup_{arrow D_{\mathrm{D}\mathrm{R}_{\mathrm{C}}}^{2d}arrow},\mathrm{T}\mathrm{r}I\zeta$ .
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1.7 $([\mathrm{H}- \mathrm{K}\mathrm{a}](5.1))$ $K$ $\pi$ , (X, $M$ ) functorial
cup
$\rho_{\pi}$ : $K\otimes_{K_{\text{ }}}D^{q}arrow D_{\mathrm{D}\mathrm{R}}^{q}\sim$
. $u\in O_{K}^{*}$ $\rho_{\pi u}=\rho_{\pi^{\circ \mathrm{e}\mathrm{x}}}\mathrm{p}(\log(u)N)$ .
18 cohomology with proper support
, .
$\rho_{\pi}$ . $D^{q}$ $D_{\mathrm{D}\mathrm{R}}^{q}$ cohomology $D^{q}$
. “$T=0$” $\mathrm{s}_{\mathrm{P}^{\mathrm{e}\mathrm{c}}}(W_{n}[T])$ $\log$ $L(T)$ , $T\mapsto$
$\pi$ exact closed immersion $(S_{n}, N_{n})\mathrm{c}arrow(\mathrm{S}_{\mathrm{P}^{\mathrm{e}}}\mathrm{c}(W_{n}[T]), \mathcal{L}(\tau))$ PD-
envelope $i_{E_{n},\pi}$ : $(S_{n}, N_{n})\mathrm{L}arrow(E_{n}, M_{E_{n}})$ . $E_{n}$ $R_{E_{\text{ }} }$ , $R_{E}=$
$\lim_{arrow n}R_{E_{n}},$ $R_{E_{\mathrm{Q}_{p}}}=\mathbb{Q}_{P}\otimes_{\mathbb{Z}_{p}}R_{E}$ . $R_{E_{n}}$ $R_{E_{n}}=W[T,$ $\tau^{ne}/n!(n\geq$
$1)])\otimes wW_{n}$ . $e=[K : K_{0}]$ . $T\mapsto \mathrm{O}$ exact closed im-
mersion $i_{E_{n},0:}(\mathrm{S}\mathrm{p}\mathrm{e}\mathrm{c}(W_{n}),’ W_{n}(L))arrow’(E_{n}, M_{E_{n}})$ . , cohomology
$D^{q}$
$\mathbb{Q}\otimes\lim_{n}H_{\mathrm{c}}^{q}arrow \mathrm{r}\mathrm{y}\mathrm{s}((x_{n}, M_{n})/(En’ MEn))\cong \mathbb{Q}\otimes\lim_{n}arrow H_{\mathrm{C}}^{q}\mathrm{r}\mathrm{y}\mathrm{s}((X1, M_{1})/(EM_{E}nn’))$
. $(X_{1}, M_{1})$ Frobenius $D^{m}$ $\varphi$ . $D^{q}$
$(S_{n}, N_{n})$ $.(\mathrm{s}_{\mathrm{P}^{\mathrm{e}\mathrm{c}}}(W_{n}[T]), \mathcal{L}(\tau))2$ $W_{n}$ fiber HPD-
stratification , $N\varphi=p\varphi N$ . ,
$i_{E_{n},0},$ $i_{En\pi}$, , 2
. .
(1.9) $D^{q}\underline{\mathrm{p}\mathrm{r}_{0}}D^{q}arrow D_{\mathrm{D}}^{q}\mathrm{p}\mathrm{r}_{\pi}\mathrm{R}$
. $\mathrm{p}\mathrm{r}_{0}$ Frobenius, monodromy .
1.10 $([\mathrm{H}-\mathrm{K}\mathrm{a}](5.2), [\mathrm{T}3]\S 4.4)$ Frobenius $pr_{0}$ $K_{0^{-}}$ section $s$
– , $s$ monodromy operator , .
(1.11) $R_{E_{\mathrm{Q}_{p}}}\otimes_{K_{\text{ }}}D^{q}arrow D^{q}\sim$
$\rho_{\pi}$ $K_{0^{-}}$ $\mathrm{p}\mathrm{r}_{\pi^{\circ}}S$ K- .
\S 2 Syntomic cohomology.
syntomic cohomology Cl, crystalline cohomology, de Rham cohomology $\text{ }$ \’etale
cohomology cohomology , Fontaine-Messing
([Fo-M]). $\log$ $S$ proper smooth scheme
syntomic cohomology , $\log$ .
$f:(T, M\tau)arrow(S, Ms)$ fine $\log$ schemes . $f$ underlying schemes
flat , $f$ $\log$ scheme locally complete intersection (
,
.
$X$ \’etale $(S, \mathrm{J}/I_{S})$ smooth integral fine $\log$ scheme $(Y, M_{1}’)$
exact closed immersion , underlying schemes regular immersion
) , $f$ syntomic $([\mathrm{K}\mathrm{a}3](2.5))$ .
, $f$ 2 , , $f$ syntomic
. $=$
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(2.1) $f$ underlying schemes locally quasi-finite $\wedge’-\wedge-$
(2.2) $(f^{*}M_{s})^{\mathrm{g}}\mathrm{P}arrow \mathrm{J}/I_{T}^{\mathrm{g}}\mathrm{p}$ cokernel torsion .
syntomic syntomic ,
. syntomic , fine $\log$ scheme $(S, Ms)$ big syntomic
site $(S, M_{S})_{\mathrm{s}\mathrm{Y}\mathrm{N}}$ small syntomic site $(S, M_{S})_{\mathrm{s}\mathrm{y}\mathrm{n}}$ . fine $\log$ schemes
$f$ : $(S’, Ms’)arrow(S, Ms)$ , $f\mathrm{s}\mathrm{Y}\mathrm{N}*:(S’, Ms’)_{\mathrm{S}\mathrm{Y}\mathrm{N}}^{\sim}arrow$
$(S, Ms)_{\mathrm{S}\mathrm{Y}\mathrm{N}}\sim,$ $f_{\mathrm{s}\mathrm{y}\mathrm{n}*}$ : $(S’, Ms’)_{\mathrm{s}\mathrm{y}\mathrm{n}}^{\sim}arrow(S, M_{S})_{\mathrm{S}}^{\sim}\mathrm{y}\mathrm{n}$’ left adjoints $f_{\mathrm{S}\mathrm{Y}\mathrm{N}}^{*},$ $f_{\mathrm{s}\mathrm{y}\mathrm{n}}^{*}$
. $f_{\mathrm{S}\mathrm{Y}\mathrm{N}}^{*}$ $f\mathrm{s}\mathrm{Y}\mathrm{N}=(f\mathrm{s}\mathrm{Y}\mathrm{N}*’ f_{\mathrm{S}\mathrm{Y}\mathrm{N}}^{*})$ topos ,
$f_{\mathrm{s}\mathrm{y}\mathrm{n}}^{*}$ . , small syntomic site fiiber –
. , syntomic $(S, M_{S})_{\mathrm{s}\mathrm{y}\mathrm{n}}$
M. Artin topology $([\mathrm{A}]\mathrm{I}(0.1))$ , $f$ $(S, M_{S})_{\mathrm{S}\mathrm{y}}\mathrm{n}arrow$
$(S’, Ms’)_{\mathrm{S}\mathrm{y}\mathrm{n}}$ topology $([\mathrm{A}]\mathrm{I}\mathrm{I}(4.5))$ , Leray spectral sequence
$([\mathrm{A}](4.10.)(4.11))$ .
.
23 $(S, Ms)\mathrm{s}\mathrm{Y}\mathrm{N}$ $\mathcal{F}$ , $(S, Ms)_{\mathrm{s}\mathrm{y}\mathrm{n}}$
, canonical . .
$H^{q}((s, iVI_{S}.)\mathrm{s}\mathrm{Y}\mathrm{N},$ $\mathcal{F})\cong H^{q}((s, Ms)\mathrm{S}\mathrm{y}\mathrm{n}’ \mathcal{F})$
, $\iota:(S, M_{S})_{\mathrm{s}\mathrm{y}\mathrm{n}}arrow(S, Ms)\mathrm{s}\mathrm{Y}\mathrm{N}$ M. Artin topology
, $\iota_{*}$ exact . :.
24 (cf. $[\mathrm{F}\mathrm{o}- \mathrm{M}]\mathrm{I}\mathrm{I}\mathrm{I}1.2$) $\ovalbox{\tt\small REJECT}_{i:}\ovalbox{\tt\small REJECT}(S’, M_{S}’)arrow(S,$ $M_{s)}$ $u\mathrm{n}der\mathit{1}y\mathrm{j}_{D}g$ schemes
nilJmmersion exact closed immersion , $i_{\mathrm{s}\mathrm{y}\mathrm{n}*}$ .
.
25 $i$ . syntomic (resp. syn-
tomic) $(S’, Ms’)$-fine $log$ scheme $(T’, M_{\tau}’)$ , $T’$ \’etale syntomic (resp.
syntomic) $(S, Ms)$-fine $log$ scheme $(\tau, M_{T})$ .
, $W_{n}$ fine $\log$ scheme $(Y, M_{Y})$ $Y$ $W_{n}$ locally of finite tyPe
. , crystalline topos \’etale topos
(2.6) $u_{(Y,M_{Y})/}\nu Vn:((Y, M_{1}.’)/W_{n})\mathrm{C}\sim \mathrm{r}\mathrm{y}\mathrm{s}arrow Y_{\mathrm{e}’\mathrm{t}}^{\sim}$
$\mathrm{P}\mathrm{D}$-ideal r-th divided power derived direct image ,
$Y$ \’etale ( $[\mathrm{B}\mathrm{e}]\mathrm{V}$ Th 232., [Ka2](6.4)) . $Y$ \’etale
$\ovalbox{\tt\small REJECT} \mathrm{j}$ $W_{n}$ smooth fine $\log$ scheme $(Z, Mz)$ closed immersion $i:(Y, M_{Y})arrow$







(2.7) $Ru(Y,M_{Y})/W_{n}*J_{(,I_{Y}}^{[}\nu rY_{\lrcorner}1)/\nu V\mathfrak{n}\cong J_{D}^{[}r-\cdot 1\otimes_{\mathcal{O}_{Z}}\Omega_{Z(l}^{\cdot}\log VI_{Z})$ $(r\in \mathbb{Z})$
. , $r$ $J_{(Y,MY)n}^{[r]},$$J^{[r]}/WD$ , $o(\}’,M_{Y})/\nu V_{n},$ $oD$
. ( $(Y, \Lambda’IY.)$ $|/V_{n}$ smooth , $(Z, \Lambda\prime Iz)$ ,
$\sigma\geq r\Omega_{1}’(\log\Lambda/I_{Y})$ . $\sigma\geq r$ $r$ $0$
. ) , $R^{q}u_{(,M)/V_{\mathfrak{n}^{*}}}\}’Y\nu J[r]$
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$(r\geq 0, q\geq 1)$ syntomic . $(Z, M_{Z})$
, $\mathrm{S}\mathrm{p}\mathrm{e}\mathrm{c}$ ( $n[\mathrm{N}^{d}]$ ) $\mathrm{N}^{d}-W_{n}[\mathrm{N}^{d}]$ $\log$ . $i$ 1
$0$ $\mathrm{N}^{d}$
$e_{i}$ , $\Gamma(Z, M_{Z})$ , $\Omega_{Z}^{1}(\log(yI_{z}))$
$d\log(e_{i})(1\leq i\leq$ $O_{Z}$ . $\mathrm{N}^{d}$ $p^{n}$
$v:(Z,$ $M_{z)}arrow(Z, \mathrm{J}/Iz)$ syntomic , $v$
$v^{*}\Omega_{Z}^{q}(\log MZ)arrow\Omega_{Z}^{q}(\log MZ)$ $(q\geq 1)$
$0$ . syntomic $v$ $(Y, M_{Y})$ $w$ : $(Y’, M_{Y}’)arrow$
$(Y, M_{Y})$ , $w$ .
$w^{*}R^{q}u_{(}Y,M_{Y})/Wn*J^{[r}/(Y,MY)W_{n}]arrow R^{q}u_{(Y’,M\prime})/Wn*J_{(Y,M}^{[}YY)/\nu r]Vn$ $(r\geq 0)$
. , $(Y, M_{Y})$ $W_{n}$ syntomic , $J_{D}^{[r]},$ $J_{D}r$ ]$/[J[r+D1]$ $W_{n}$
flat . .
syntomic big crystalline site $((Y, M_{Y})/W_{n})_{\mathrm{C}\mathrm{R}\mathrm{Y}\mathrm{S},\mathrm{s}\mathrm{Y}}^{\sim}\mathrm{N}$
( 25 ) ,
(2.8) $U_{(Y,M_{Y})/W_{n},\mathrm{S}\mathrm{Y}\mathrm{N}}$ : $((Y, M_{Y})/W_{n})_{\mathrm{c}\mathrm{R}\mathrm{Y}\mathrm{s}}^{\sim},\mathrm{S}\mathrm{Y}\mathrm{N}arrow(Y, M\}’)^{\sim}\mathrm{S}\mathrm{Y}\mathrm{N}$ ;
$\Gamma((Y’, MY’),$ $U_{(}Y,MY)/wn’ \mathrm{s}\mathrm{Y}\mathrm{N}*\tau)=\Gamma(((Y’, M_{Y}’)/W_{n})_{\mathrm{C}}\mathrm{R}\mathrm{Y}\mathrm{S},\mathrm{S}\mathrm{Y}\mathrm{N},$ $\mathcal{F}^{\cdot})$ ,
$\mathrm{r}((Y’, M_{Y’})arrow>(T, M\tau),$ $U_{(}*\mathcal{G}Y,MY)/W_{n},\mathrm{S}\mathrm{Y}\mathrm{N})=\Gamma((Y’, MY’),$ $\mathcal{G})$
, $J_{(Y,MY)/}^{[r]}\nu V_{\mathfrak{n}}(r\geq 0)$ . , $(Y, M_{Y})$ $W_{n}$ syn-
tomic , $U_{(Y,M_{Y})/}w_{n},\mathrm{S}\mathrm{Y}\mathrm{N}*J[r],$ $U_{(Y,M_{Y})/\mathrm{N}}W_{n},\mathrm{S}\mathrm{Y}*J[r]/J[r+1](r\geq 0)$
small syntomic site $(Y, M_{Y})_{\mathrm{s}\mathrm{y}\mathrm{n}}$ $W_{n}$ flat .
. \’etale ( $\log$ \’etale ) big crystalline site $((Y, M_{Y})/W)\mathrm{c}\mathrm{R}\mathrm{Y}\mathrm{s}$
, flat site \’etale site quasi-coherent sheaf cohomology
– , topos





$Y$ ) $/Wn$ . topos
(2.10) $p_{(^{\}’M})},Y/Wn$ : $((Y, M_{\}’})/W_{n})_{\mathrm{c}\mathrm{R}\mathrm{Y}\mathrm{S}}^{\sim}arrow((Y, M_{Y})/W_{n})_{\mathrm{C}\mathrm{r}\mathrm{y}}^{\sim}\mathrm{s}$
$p_{()}1’,M_{Y}/W_{n}*$ (cf., $[\mathrm{B}\mathrm{e}]\mathrm{I}\mathrm{I}\mathrm{I}$ Prop. 4.1.4) .
$p_{(Y,M_{Y})}$ : $(Y, M_{Y})_{\mathrm{s}\mathrm{y}\mathrm{n}}^{\sim}arrow Y_{\mathrm{e}’\mathrm{t}}$
(2.11) $Rp_{(\}’,M_{Y}})*((U(Y,M_{Y})/\nu V_{n},\mathrm{s}\mathrm{Y}\mathrm{N}*)J^{[}r]|(Y, M_{Y})\mathrm{s}\mathrm{y}\mathrm{n})\cong Ru(\}’,M_{Y})/W_{n}*J[r]$
. ( (2.7) )
, (X, $M$ ) $arrow(S, N)$ . (X, $M$ ) $\mathrm{m}\mathrm{o}\mathrm{d} p^{n}$ reduction $(_{J\mathrm{X}_{n}’}, \Lambda/I_{n})$
, $(_{J}\mathrm{x}^{\mathit{7}}n’\Lambda cn)_{\mathrm{S}\mathrm{Y}\mathrm{N}}$ $o_{n}^{\mathrm{C}\mathrm{r}\mathrm{y}}\mathrm{s},$ $J_{n}^{[_{\Gamma]}}(r\in \mathbb{Z})$
$(2..12)$
$o_{J_{n}^{\cup}}^{\mathrm{c}\mathrm{r}\mathrm{y}\mathrm{s}}n[r]$ $.\cdot.\cdot==$
$U_{(\downarrow I)/()/\nu}U_{(\mathrm{A}} \mathrm{x}_{n},I_{n})/\nu V_{n}’,\mathrm{s}\mathrm{Y}\mathrm{N}J_{(I)/\nu}x_{n^{\mathit{1}}},nWn\mathrm{s}\mathrm{Y}*Xn’ nV_{n}\bigcup_{*}^{\mathrm{N}}OlI[r]x_{n},\Lambda\prime nV_{n}$
.
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, small syntomic site $(_{d}1_{n}’, Mn)_{\mathrm{S}\mathrm{y}}\mathrm{n}$ .
$\Gamma((U, \Lambda/I_{U}),$
$O\mathrm{C}\mathrm{r}\mathrm{y}\mathrm{S})n=H^{0}(((U, M_{U})/W_{n})\mathrm{c}\mathrm{r}\mathrm{y}\mathrm{S}’ O)=H^{0}(((U_{1,U_{1}}M)/W_{n})\mathrm{c}\Gamma \mathrm{y}\mathrm{s}’ \mathit{0}.)$
, $\mathit{0}_{n}^{\mathrm{C}\mathrm{r}\mathrm{y}\mathrm{s}}$ Frobenius $\varphi$ . $\mathit{0}_{m}^{\mathrm{C}\mathrm{r}\mathrm{y}\mathrm{s}},$ $\sqrt m[r](m<n)$ $(_{J\mathrm{v}}n’ NIn)\mathrm{S}\mathrm{Y}\mathrm{N}$ ,
$(_{J}\backslash _{n}’, NIn)_{\mathrm{S}}\mathrm{y}\mathrm{n}$ ( 25 ) . , $m\leq n$
canonical
(2.13) $H^{q}((X_{n}, Mn)\mathrm{s}\mathrm{y}\mathrm{n}’\sqrt{}^{[}r])m\cong Hq(((xm’ mM)/W_{m})_{\mathrm{C}}\mathrm{r}\mathrm{y}\mathrm{S}’ J,)(XmMm)/[r]W_{m}$
. $r=0$ , Frobenius . $(_{J\mathrm{Y}_{n}’}, M_{n})$ $W_{n}$
syntomic , $J_{n}^{[r]},$ $J_{n}^{[r]}/\sqrt{}^{[}nr+1$
]
$(r\geq 0)$ small syntomic site $\nu V_{n}$ flat
, $.J_{n+1}^{[r]}\otimes \mathbb{Z}/p^{n}\mathbb{Z}arrow J_{n}^{[r]}$ .
2.14 $0\leq r\leq p-1$ $\varphi(J_{n}^{[r]})\subset p^{r}O_{n}^{\mathrm{C}}\mathrm{r}\mathrm{y}\mathrm{s}$.
, $i\geq 0$ $p^{[i]}\in P^{\min\{\}}\mathbb{Z}pi,p-1$ .
215 (cf. $[\mathrm{F}\mathrm{o}- \mathrm{M}]\mathrm{I}\mathrm{I}\mathrm{I}1.1$ Lemma) $n>r\geq 0$ , $(p^{r}-\varphi)(\sqrt{}^{[r}n)]\supset$
$p^{r}O_{n}^{\mathrm{C}}\mathrm{r}\mathrm{y}\mathrm{s}$ .
.
small syntomic site . $m>r\geq 0$
(2.16) $-$ $\overline{J_{m}^{<r>}}:=\{x\in J_{m}^{[r]}|\varphi(x)\in p^{r}O_{m}^{\mathrm{c}\mathrm{r}\mathrm{y}\mathrm{s}}\}$
, $n\geq 1,$ $r\geq 0$ , $\overline{J_{n+s}^{<r>}}\otimes \mathbb{Z}/p^{n}\mathbb{Z}(s\geq r)$ $s$ ,
$W_{n}$ flat . $J_{n}^{<r>}$ $\langle$ . $J_{n+1}^{<r>}\otimes \mathbb{Z}/p^{n_{\mathbb{Z}}}=J_{n}<r>$ . ,
214 , $0\leq r\leq p-1$ , $J_{n}^{<r>}=J_{n}^{[r]}$ . $\varphi_{r}$ : $J_{n}^{<r>}arrow O_{n}^{\mathrm{C}\mathrm{r}\mathrm{y}}\mathrm{s}$
, $1-\varphi_{r}$ : $J_{n}^{<r>}arrow \mathcal{O}_{n}^{\mathrm{C}}\mathrm{r}\mathrm{y}\mathrm{s}$ kernel $S_{n}^{r}$ .
$\overline{J_{n+r}^{<r>}}arrow\varphi p^{r}O_{n+}^{\mathrm{c}\mathrm{r}\mathrm{y}}\mathrm{s}r$
$(2.17)$ $\downarrow$ $\iota\uparrow$ “$p^{r}$ ”
$J_{n}^{<r>}\underline{\varphi_{r}}$ $O_{n}^{\mathrm{C}\mathrm{r}\mathrm{y}}\mathrm{s}$ .
215 , .
(2.18) 0+ $S_{n}^{r}arrow J_{n}^{<r>}1-\varphi_{r}arrow O_{n}^{\mathrm{c}\mathrm{r}\mathrm{y}\mathrm{s}}arrow 0$
, $J_{m}^{[r]}$ $J_{m}^{[r]}\otimes J_{m}^{[S]}arrow J_{m}^{[r+s]}$ $S_{n}^{r}$ $S_{n}^{r}\otimes S_{n}^{S}arrow S_{n}^{r+s}$ .
24 cohomology $H^{q}((_{J}\mathrm{x}’m’\Lambda\prime I_{m})_{\mathrm{s}}\mathrm{y}\mathrm{n}’ S^{r})n$ $(m\geq n+r)$ # $m$
, $H^{q}((X, M)_{\mathrm{s}\mathrm{n}}\mathrm{y}’ n)S^{r}$ . , $n$
$H^{q}((X, M)\mathrm{s}\mathrm{y}\mathrm{n}’ sr)\mathbb{Z}_{p}$ $\mathbb{Q}_{P}\otimes_{\mathbb{Z}_{p}}$
$H^{q}((X, M)\mathrm{s}\mathrm{y}\mathrm{n}’ s_{\mathbb{Q}_{p}}r)$
. (X, $M$ ) syntomic cohomology . $J_{n}^{[r]},$ $J_{n}^{<r>}$
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. $H^{q}((X, M)\mathrm{s}\mathrm{y}\mathrm{n}.’ J^{<}\mathbb{Q}_{p}r>)$ $H^{q}((X, M)_{\mathrm{S}\mathrm{y}}\mathrm{n}’ J_{\mathbb{Q}}^{1}r])p$ ,
$H^{q}((\lambda^{\Gamma}, M),$ $s_{\mathbb{Q}_{p}}^{r})arrow H^{q}((X, M)\mathrm{s}\mathrm{y}\mathrm{n}’ Jr1)[\mathbb{Q}p\varphi=pr\cong H_{\mathrm{C}}^{q_{\mathrm{f}}}(\mathrm{y}\mathrm{S}(X, M)/W,$ $J^{[]}r)_{\mathbb{Q}_{p}}^{\varphi p}=r$
.
, $\overline{K}/K$ $K’$ (X, $M$) (X’, $M’$ ) syntomic
site $(\lambda_{n}’’, M_{n}’)_{\mathrm{s}\mathrm{y}\mathrm{n}}$ $(\overline{X}_{n}, \overline{M}_{n})_{\mathrm{s}\mathrm{n}}\mathrm{y}$ , topos
(SGA4 $\mathrm{V}\mathrm{I}8$), ( $./\mathrm{Y}_{m}^{\prime,\mathrm{n}I_{m})_{\mathrm{s}}}/\prime \mathrm{y}\mathrm{n}$ $S_{n}^{r},$ $J_{n}^{[r]}$ $(\overline{X}_{m}, \overline{M}_{m})_{\mathrm{S}\mathrm{y}\mathrm{n}}\text{ }$ $S_{n}^{r}$ ,
$J_{n}^{[r]}$ . $H^{m}((\overline{X}, \overline{M})_{\mathrm{S}}\mathrm{y}\mathrm{n}’ s_{n}^{r})$ .
\S 3 Syntomic cohomology &e’tale cohomology
syntomic cohomology \’etale cohomology . $W$ fine
$\log$ schemes , syntomic generic $(\log)$ \’etale , synotmic-
\’etale . syntomic-\’etale (X, $M$) small syntomic-\’etale site
(X, $M$ ) $\mathrm{s}\mathrm{y}\mathrm{n}- \mathrm{e}\prime \mathrm{t}$ .
$(X, M)$ pyadic completion $(X,, \overline{M})$ , small syntomic-\’etale
site . , integral $\log$ locally noether-
ian formal scheme , $\log$ scheme formal completion
. $f:(\mathfrak{T}, \mathfrak{M}_{\mathfrak{T}})arrow(\mathfrak{S}, \mathfrak{M}_{\mathfrak{S}})$ underlying formal schemes
Spf $(W)$ locally of Pnite type fine $\log$ formal schemes . $f$
mod $P^{n}$ reduction syntomic , $f$ syntomic .
\’etale, smooth, syntomic . , $f$ $\mathfrak{T}$ \’etale $(\mathfrak{S}, \mathfrak{M}_{\mathfrak{S}})$
smooth fine $\log$ formal affine scheme (2), $\mathfrak{M}_{\mathfrak{Y}})$ exact closed immersion
, $f$ generic \’etale . : $A$
, $I$ $\mathfrak{S}$ ideal ,
(3.1) $K_{0}\otimes_{W}I/I^{2}arrow K_{0}\otimes_{W}\Gamma(\mathfrak{Y}, \Omega_{\mathfrak{Y}}/\mathfrak{S}(\log(\mathfrak{M}\mathfrak{Y}/\mathfrak{M}_{\mathfrak{S}})))$
. generic \’etale , fine $\log$ formal schemes base change
. $f$ syntomic generic \’etale
$f$ syntomic-\’etale , syntomic-\’etale syntomic-\’etale site
(X, $M$) $\mathrm{s}\mathrm{y}\mathrm{n}- \mathrm{e}\prime \mathrm{t}$ . , exact closed immersion $i_{n}$ : $(X_{n}, M_{n})arrow$
(X,, $\overline{M}$) , $i_{n,\mathrm{s}\mathrm{y}\mathrm{n}*}:$ $(X_{n}, M_{n})_{\mathrm{s}\mathrm{n}}^{\sim}\mathrm{y}arrow(\hat{X},\overline{M})_{\mathrm{s}\mathrm{y}-}\sim \mathrm{n}\mathrm{e}\mathrm{t}$’ .
, $S_{n}^{r}$ $(X,, \overline{lVI})_{\mathrm{s}\mathrm{y}\mathrm{n}}- \mathrm{e}\prime \mathrm{t}$ , syntomic coho-
mology $S_{n}^{r}$ syntomic-\’etale cohomology – .
32 (cf. $[\mathrm{F}_{0-}\mathrm{M}]\mathrm{I}\mathrm{I}\mathrm{I}4.1$ Prop) $(\mathfrak{S}, \mathfrak{M}_{\Theta}\sim)$ $Spf(\dot{\nu}V)$ locally of finite tyPe
fine $log$ formal scheme, $(S_{n’ S_{n}}\mathrm{J}/I)$ mod $p^{n}$ reduction , $(S_{n}, \Lambda’I_{S_{n}})$
syntomic fine $log$ scheme ( $Y_{n}$ , M) , $(Y_{n}, NI_{Y_{n}})$ syntomic
$(\mathfrak{S}, \mathfrak{M}_{\mathfrak{S}})$ syntomic-\’etale ne $log$ formal scheme .
33 syntomic (2.2) ,
.
integral \’etale small integral \’etale site $(_{J\mathrm{x}^{r}}\eta’ NI\eta)\mathrm{i}\mathrm{n}\mathrm{t}-\mathrm{e}\prime \mathrm{t}$
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. topos .
$(\lambda^{\hat{\prime}},\overline{NI})_{\mathrm{S}}\sim \mathrm{y}\mathrm{n}-\text{\’{e}} \mathrm{t}\underline{i_{\mathrm{s}\mathrm{y}\mathrm{t}1}-6\mathrm{t}}(X, M)_{\mathrm{s}\mathrm{n}}^{\sim}\mathrm{y}- \mathrm{e}\prime \mathrm{t}arrow j\mathrm{s}\mathrm{y}\mathrm{n}-\text{\’{e}} \mathrm{t}(_{J}\mathrm{X}_{\eta\eta}’, \mathrm{j}\mathcal{V}I)_{\mathrm{i}\mathrm{t}\mathrm{t}}\sim \mathrm{n}-\mathrm{e}^{l}$
$(3.4)$ $\downarrow l^{\lambda}\wedge$ $\downarrow p$ . $\downarrow p_{\eta}$





35 (cf. $[\mathrm{F}\mathrm{o}- \mathrm{M}]\mathrm{I}\mathrm{I}\mathrm{I}4.3$ Prop) (X, $\overline{M}$) syntomic-\’etale fine $log$ For-
$m\mathrm{a}l$ scheme (2), $m_{\mathfrak{Y}})$ , \’etale $(X, M)$ syntomic-\’etale fine $log$
scheme $P$-adic formal completion (X, $\overline{M}$) .
$i_{\mathrm{S}\mathrm{y}\mathrm{n}-}^{*}\mathrm{e}’\mathrm{t}\mathcal{F}$
$( \acute{\tilde{Y}},\overline{M}_{Y}^{-})\vdasharrow\lim_{arrow}\mathcal{F}((Y^{J},\cdot MY’))$ (cf. $[\mathrm{F}\mathrm{o}- \mathrm{M}]4_{:}4$).
, $(Y, M_{Y})$ $(X, M)$ “ ”syntomic-\’etale fine $\log$ affine scheme
, $(Y’, M_{Y’})$
$(Y^{h}, M_{Y^{h}})’arrow$ $(Y’, M_{Y}’)$
$\sim(Y, M_{Y})\downarrow$
, $Y’$ affine, $g$ \’etale, $g\otimes \mathbb{Z}/p\mathbb{Z}$ , $g^{*}M_{Y}\cong M_{Y’}$ . ,
$Y^{h}$ $Y$ $P$-adic henselization, $M_{Y^{h}}$ $M_{Y}$ . $(Y’, M_{Y}’)$ ffltered
category , $i_{\mathrm{s}\mathrm{y}\mathrm{n}-}^{*}.\mathrm{e}’\iota$ .
.
. .
36 (cf. $[\mathrm{F}\mathrm{o}- \mathrm{M}]\mathrm{I}\mathrm{I}\mathrm{I}4.4$ Prop) (X, $M$) $\mathrm{s}\mathrm{y}\mathrm{n}- \mathrm{e}\prime \mathrm{t}$ , $(X, \overline{M})_{\mathrm{s}\mathrm{y}\mathrm{n}-}\mathrm{e}’\iota$
$\mathcal{G},$ $(x_{\eta}, M_{\eta})_{\mathrm{i}\iota}\mathrm{n}-\mathrm{e}’\mathrm{t}$
$\mathcal{H}$
$\alpha:\mathcal{G}arrow i_{\mathrm{s}\mathrm{y}\mathrm{n}\mathrm{e}^{a}}- \mathrm{t}*j_{\mathrm{S}\mathrm{y}}^{*}\mathrm{n}-\mathrm{e}’\mathrm{t}\mathcal{H}$ 3
$\mathcal{F}\mapsto(i_{\mathrm{s}\mathrm{n}}^{*}-\mathrm{e}\mathrm{t}\mathcal{F}’, j_{\mathrm{s}}^{*}\mathrm{y}\mathrm{y}\mathrm{n}- \mathrm{e}’\mathrm{t}\mathrm{s}\mathrm{y}\mathrm{n}-\mathrm{e}\mathrm{t}\mathcal{F}, i^{*}’(adj))$ . .: .
$r\geq 0$ $\mathbb{Z}/p^{n}\mathbb{Z}\{r\}:=(\mathbb{Z}_{p}(r)(Paa!)-1)\otimes \mathbb{Z}/p^{n}\mathbb{Z}$ ( $a$ $r$ $p-1$
) . $\mathbb{Z}_{p}(r)$ $\mathbb{Z}/p^{n}\mathbb{Z}\{r\}$ $\mathbb{Z}/p^{n}\mathbb{Z}\{r\}\otimes \mathbb{Z}/p^{n}\mathbb{Z}\{S\}arrow$
$\mathbb{Z}/p^{n}\mathbb{Z}\{r+s\}$ . $(X, \overline{M})_{\mathrm{s}\mathrm{y}- \mathrm{e}’\mathrm{t}}^{\sim}\mathrm{n}$ $S_{n}^{r}$ $(X_{\eta}, M_{\eta})^{\sim}\mathrm{i}\mathrm{n}\mathrm{t}- \mathrm{e}\prime \mathrm{t}$ $j_{1*}\mathbb{Z}/p^{n}\mathbb{Z}\{r\}$
$(X, M)^{\sim}\mathrm{s}\mathrm{y}\mathrm{n}arrow \mathrm{e}’\iota$ $S_{n}^{r}$ . ( fine $\log$ scheme
( $S,$ $M_{s)}$ $\log$ scheme – $S_{\mathrm{t}\mathrm{r}\mathrm{i}\mathrm{V}}$ , $j_{1}$ topos




(3.7). $S_{n}^{r}((Yn+r’ MYn+r))arrow \mathbb{Z}/p^{n}\mathbb{Z}\{r-\}(Y_{\mathrm{t}\mathrm{i}\mathrm{V}}^{h})\mathrm{r}$
. $Y=\mathrm{S}_{\mathrm{P}^{\mathrm{e}}}\mathrm{C}(B),$ $Y^{h}=\mathrm{S}\mathrm{p}\mathrm{e}\mathrm{c}(B^{h})$ . $B\supset W[\mu_{p^{n}}.]$ .
$[\mathrm{T}3]\S 1.5$ , $B_{\mathrm{t}\mathrm{r}\mathrm{i}_{\mathrm{V}}}^{h}$ $B^{h}$ normalization $\overline{B^{h}}$
, Acrys $(\overline{B^{h}}),$ $\theta:A_{\mathrm{c}\mathrm{r}\mathrm{y}\mathrm{s}}(\overline{Bh})arrow\overline{B^{h}}-\subset\overline{B^{h}}-$ . $\overline{Y^{h}}=\mathrm{S}\mathrm{p}\mathrm{e}\mathrm{C}(\overline{B^{h}})-$ ,
$\overline{B^{h^{*}}}\mathrm{t}\mathrm{r}\mathrm{i}\mathrm{v}\cap\overline{Bh}arrow\overline{B^{h}}-$
$\log$
$\overline{N^{h}}$ . , $o_{n}^{\mathrm{c}\mathrm{f}}\mathrm{y}\mathrm{s}((\overline{\mathrm{I}\nearrow h}N+r’ n+r)n)\overline{h}=$
$Fil^{r}A_{\mathrm{C}\mathrm{r}\mathrm{y}}\mathrm{S}(\overline{Bh})/p^{n},$
$\overline{J<r>}(n+r(\overline{Y^{h}}n+r’\overline{N^{h}}n+r))=Fi\iota_{p\mathrm{y}}^{r}A_{\mathrm{c}\mathrm{r}}\mathrm{S}(\overline{Bh})/pn$ (cf. $[\mathrm{T}3]\mathrm{A}1.5$),
( $[\mathrm{T}3]\mathrm{A}3.26$ , A333) . ’
(3.8) $0arrow \mathbb{Z}/p^{n}\mathbb{Z}\{r\}(\overline{Bh})\mathrm{t}\mathrm{r}\mathrm{i}\mathrm{v}arrow Fil_{p}^{r}A_{\mathrm{C}}\mathrm{r}\mathrm{y}\mathrm{S}(\overline{B^{h}})/p^{n}$ \rightarrow S $A_{\text{ }\mathrm{r}\mathrm{y}}\mathrm{s}(\overline{Bh})/p^{n}-0$ .
$W[\mu_{p^{n}}]\subset B$ $\mathbb{Z}/p^{n}\mathbb{Z}\{r\}(\overline{Bh})\mathrm{t}\mathrm{r}\mathrm{i}\mathrm{V}=\mathbb{Z}/p^{n}\mathbb{Z}\{r\}(B^{h})\iota \mathrm{r}\mathrm{i}\mathrm{v}$ ,
(3.7) . (3.7) , $S_{n}^{7}$ .
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39 $\mu_{p^{n}}\subset IC$ $M_{\eta}$ , Rp*Snr\rightarrow Rp^*Snr .
$[\mathrm{F}_{0}- \mathrm{M}]\mathrm{I}\mathrm{I}\mathrm{I}6.2$ . , $j_{1*}\mathbb{Z}/p^{n}\mathbb{Z}\{r\}\not\cong \mathbb{Z}/p^{n}\mathbb{Z}$
, .
(3.10) $Rp_{n+r*n}S^{r}\cong R^{\wedge}p_{*}S_{n}^{r}arrow i_{\mathrm{e}\mathrm{t}}^{*},Rj_{\mathrm{e}’}\mathrm{t}*\mathbb{Z}/p^{n}\mathbb{Z}\{r\}$
. $(_{Pn+r}$ : $(,\mathrm{Y}_{n+^{r},+r)_{\mathrm{s}\mathrm{y}}^{\sim}}M_{n}\mathrm{n}arrow(X_{n+r})^{\sim}\mathrm{e}’ \mathrm{t}=(X_{\mathit{8}})_{\mathrm{e}\mathrm{t}}^{\sim}$, . )
$\overline{K}/K$ $K’$ (X’, $M’$ ) $(_{J}\overline{\mathrm{Y}}, \overline{M})$ $:=$
$1\mathrm{i}\mathrm{m}(X’, M’)arrow$ , $M_{\eta}$ . .
(3.11) $R\overline{p}_{n+r}S_{n}^{r}arrow\overline{i}_{\mathrm{e}\mathrm{t}*}\prime R\overline{j}_{\mathrm{e}\mathrm{t}}\prime \mathbb{Z}*/p^{n}\mathbb{Z}\{r\}$
. ($\overline{i}:X_{\overline{s}}arrow\overline{X},\overline{j}:X_{\overline{\eta}}arrow\overline{X},\overline{p}_{n+r}$ : $(\overline{X}_{n+r}, \overline{M}_{n}+r)_{\mathrm{S}\mathrm{y}\mathrm{n}}\simarrow(\overline{X}_{n})_{\mathrm{e}\mathrm{t}}^{\sim}’=$ (Xy)
. )
3.12 (cf. [Kal], [Ku], [T31) $0\leq q\leq r$ , $p,$ $q,$ $r$ $N$
, $n$ (3.11)
(3.13) $R^{q}\overline{p}n+r*S^{r}narrow\overline{i}_{\mathrm{e}\mathrm{t}\mathrm{e}^{z}\mathrm{t}}^{*},R^{q}\overline{j}*\mathbb{Z}/p\{n_{\mathbb{Z}}r\}$
kernel, cokernel $P^{N}$ .
$X$ semi-stable reduction , symbol ( )
, [T3] .
314 $0\leq q\leq r$ , proper base change theorem (3.11)
.
(3.15) $H^{q}((\overline{X}, \overline{M})_{\mathrm{S}}\mathrm{y}\mathrm{n}’ S_{\mathbb{Q}_{p}}^{r})arrow H_{\mathrm{e}\mathrm{t}}^{q},(\lambda_{\eta}’, \mathbb{Q}_{p}(r))$
\S 4 Syntomic cohomology $\geq$ crystalline cohomology
, syntomoic cohomology crystalline cohomology $D^{q}$
. syntomoic cohomology , , $X$ funcotrial
(4.1) $H^{q}((_{\overline{J\mathrm{X}}}r, \overline{M})\mathrm{s}\mathrm{y}\mathrm{n}’ sr)\mathbb{Q}_{p}arrow H_{\mathrm{C}\mathrm{r}\mathrm{y}\mathrm{s}}^{q}((_{\backslash _{J}}\overline{\backslash \prime}, \overline{\Lambda/I})/W,$$J^{[r}])_{\mathbb{Q}_{p}}\varphi=p^{r}$
. $H_{\mathrm{C}\mathrm{r}}^{m}(\mathrm{y}\mathrm{s}(_{\overline{J\mathrm{x}}\overline{\Lambda I}}’,)//W,$ $J[r])$
$. \lim_{arrow,n}(\lim_{h’},H_{\mathrm{c}}m_{\Gamma \mathrm{y}\mathrm{s}}(arrow(_{J\mathrm{x}_{n}}\prime J, \Lambda \text{ }I^{r})n/\nu Vn’ J_{()}r])[)x_{n}’,\mathrm{A}I_{n}^{l}/1V_{n}$
. $I\mathrm{t}^{\prime;}$ I /K , $(S’, N’)$ $IC’$
$\mathrm{S}\mathrm{p}\mathrm{e}\mathrm{C}$ closed point $\log$ , (X’, $M’$ ) $=(X, M)\cross(S,N)$
$(S’, N’)$ . , $\mathbb{Q}_{p}$ $\mathbb{Q}_{p}\otimes_{\mathbb{Z}_{\mathrm{p}}}$ .
$(X, \overline{\Lambda’I})$ $(\overline{S}, \overline{N})$ crystalline cohomology .
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, $B_{\mathrm{c}\mathrm{r}\mathrm{y}\mathrm{s}}^{+},$ $B_{\mathrm{s}\mathrm{t}}^{+}$ $B_{\mathrm{D}\mathrm{R}}^{+}$ $(\overline{S}, \overline{N})$ crystalline cohomology ,
$(_{J}\overline{\mathrm{Y}}, \overline{M})$ crystalline cohomology KUUnneth formula .
.
(4.2)





$\cong$ $H_{\mathrm{c}\mathrm{r}\mathrm{y}\mathrm{s}}^{0}((\overline{s}, \overline{N})/W,$ $J^{[}r])_{\mathbb{Q}_{p}}$
. Froben$\mathrm{i}$us .










$Fil^{r}B_{\mathrm{D}\mathrm{R}}^{+}$ $\cong$ $\lim_{arrow S}H_{\mathrm{C}\mathrm{r}}0(\mathrm{y}\mathrm{s}(\overline{s}, \overline{N})/(S, N),$
$J^{[}r]/J^{[_{S}1})_{\mathbb{Q}_{p}}$
(3) $([\mathrm{K}\mathrm{a}3]\S 3)$ , Frobenius monodromy
$B_{\mathrm{s}\mathrm{t}}^{+}\cong H_{\mathrm{c}\mathrm{r}\mathrm{y}\mathrm{s}}^{0}((\overline{s},\overline{N})/(E, M_{E}))^{N\mathrm{n}}-\mathrm{i}1_{\mathrm{P}}$
. $N$-nilp monodromy $N$ .
, (1) crystalline cohomology functoriality $B_{\mathrm{c}\mathrm{r}\mathrm{y}}^{+}$ -$\mathrm{S}$ algebra
, Bcrys . $((E, M_{E})$ $I\zeta$ $\pi$
)
(4) $([\mathrm{T}3]\S 4.6)$ (2), (3) functoriality $B_{\mathrm{s}\mathrm{t}}^{+}arrow B_{\mathrm{D}\mathrm{R}}^{+}$
$\pi$ – .
44 (1) $([\mathrm{K}\mathrm{a}3]\S 4, [\mathrm{T}3]4.5.4)$ functoriality cup




(2) $([\mathrm{T}3]\S 4.7)$ 43(2) crystalline cohomology funcoriality, cup









$Fil^{r} \overline{D}_{\mathrm{D}\mathrm{R}}:=\lim_{arrow}H_{\mathrm{c}\mathrm{r}\mathrm{y}}^{q}(\mathrm{s}(\overline{x},\overline{M})/(s, N),$ $J^{[r]}/J[s])_{\mathbb{Q}}p$ .
. 2 110 .
– 43(3) 110 .
, .
(4.5) $H^{q}((_{J}\overline{\mathrm{Y}}, \overline{NI})\mathrm{S}\mathrm{y}\mathrm{n}’ sr)\mathbb{Q}_{p}arrow Fi\iota^{r}(B_{\mathrm{D}\mathrm{R}}^{+}\otimes_{K}D_{\mathrm{D}\mathrm{R}}^{q})\cap(B_{\mathrm{s}\mathrm{t}}^{+}\otimes_{K_{0}}D^{q})^{N0,=p}=\varphi r$
\S 5 $C_{\mathrm{s}\mathrm{t}}$ –Fontaine-Jannsen
314 (4.5) , $r\geq q$ ,
(5.1) $H_{\mathrm{e}\mathrm{t}}^{q},(_{J}1_{\overline{\eta}}’, \mathbb{Q}_{p}(7^{\cdot}))arrow Fi\iota^{r}(B_{\mathrm{D}\mathrm{R}}^{+}\otimes_{K}D_{\mathrm{D}\mathrm{R}}^{q})\cap(B_{\mathrm{s}\mathrm{t}}^{+}\otimes_{R_{0}^{\prime D^{q}}})N=0,\varphi=pr$
. $\mathbb{Q}_{p}(-r)\subset B_{\mathrm{s}\mathrm{t}}$ , $B_{\mathrm{s}\mathrm{t}^{-}}$ , , Frobe-
nius, monodromy, , $\pi$ $\iota_{\pi}$ : $B_{\mathrm{s}\mathrm{t}}arrow B_{\mathrm{D}\mathrm{R}}$
fiiltration
(5.2) $B_{\mathrm{S}\iota \mathbb{Q}_{p}}\otimes H_{\mathrm{e}\mathrm{t}}^{q},(J1’\mathbb{Q}_{p}\overline{\eta}’)arrow B_{\mathrm{s}\mathrm{t}}\otimes_{K_{0}}Dq$
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. , $r\geq q$ , $X$ functorial
. (5.2) . \’etale co-
homology crystalline cohomology Poincar\’e duality ,
– (Lefschez principle, etale cohomology singular cohomology
, ( ) Hodge ) , $X_{\eta}$ geometrically
connected $d$ , $q=2d$ $0$
. ( , ffltration , , Hodge coho-
mology Serre duality . ) $q=2d$ , line
bundle 1st Chern class (5.2) compatiblity $([\mathrm{F}_{0-}\mathrm{M}]\mathrm{I}\mathrm{I}\mathrm{I}6.3$,
$[\mathrm{T}3]4.10.3)$ .
53 $X$ line bundleC , (5.2) $q=2$ , $t\otimes$
$(c_{\mathrm{e}\mathrm{t}}^{1},(c|x_{\eta})\otimes t^{-1}.)$ $1\otimes c_{\mathrm{D}\mathrm{R}}^{1}(\mathcal{L}|x.)\eta$ . , $t$ # $\mathbb{Q}_{p}(!$. $)$ $0$
.
54 splitting principle , (5.2) , $X$ vector
bundle Chern class .
\S 6
$\eta$ proper scheme $S$ proper scheme ( ) ,
$S$ proper scheme $X$ . $m$
de Jong alteration $([\mathrm{D}\mathrm{J}])$ , $S$ (poten-
tially semi-stable ) , $m$
truncate $X$ proper hypercovering $Xarrow X$ , $X^{\nu}(\nu=0,1, \cdots, m)$
semi-stable scheme base change . $X^{\nu}$ sep-
cial fiber $\log$ $M^{\nu}$ , $m$ truncate simpli-
cial fine $\log$ scheme $(X, M)$ , $(X^{\nu}, M^{\nu})$
. \’etale cohomology cohomological descent , $V^{q}$ $:=$
$H_{\mathrm{e}\mathrm{t}}^{q},(X_{\overline{\eta}}, \mathbb{Q}_{p})$ , $q<m$ $H_{\mathrm{e}\mathrm{t}}^{q},(\lambda_{\overline{\eta}}’, \mathbb{Q}p)$ $-$ . crystalline coho-
mology $D^{q}(q<m)$ , topos $((x_{s}, M_{s})/(W_{n}, W_{n}(L)))_{\mathrm{C}\mathrm{r}\mathrm{y}}\mathrm{s}$ \S 1
. $K_{0^{-}}$ spectral sequence .
Frobenius $\varphi$ , monodromy $N$ . $B_{\mathrm{s}\mathrm{t}^{-}}$
(6.1) $B_{\mathrm{s}\mathrm{t}}\otimes_{\mathbb{Q}_{\mathrm{p}}}V^{q}\cong B_{\mathrm{S}\mathrm{t}}\otimes_{K_{\text{ }}}D^{q}$ $(q<m)$
. ( , $D^{q}$ $K_{0}$
$V^{q}$
$\mathbb{Q}_{p}$ – , $V^{q}$ semi-stable
. ) .




. 32 (X’, $M^{\nu}$ ) , $\mathcal{H}^{q}(q\leq r)$ 9
kernel, cokernel exponent $n$ – .
cohomology proper base change , ..
(6.3) $H^{q}((_{\overline{J\mathrm{X}’}N}, \overline{I})\mathrm{S}\mathrm{y}\mathrm{n}’ sr)\mathbb{Q}_{p}\cong H_{\mathrm{e}\mathrm{t}}^{q},(_{J}\mathrm{x}\prime \mathbb{Q}_{p}\overline{\eta}’)\cong V^{q}$ $(r\geq q, q<. m)$
. cohomology $D^{q}(q<r)$ $((_{J}\mathrm{x}’\cdot wI)n’ n/(E_{n}, \Lambda TE_{n}))_{\mathrm{C}}\mathrm{r}\mathrm{y}\mathrm{s}$ \S 1
, 1.10 . section $[\mathrm{H}- \mathrm{K}\mathrm{a}](2.24)$
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simplicial , [T2] syntomic site
$\log$ scheme . ,
. , 44(1) simplicial .
$\mathrm{O}\underline{<}q\leq r,$ $q<m$
(6.4) $V^{q}\cong H^{q}((\overline{x},. \overline{M})\mathrm{S}\mathrm{y}\mathrm{n}’ S_{\mathbb{Q}_{p}}r)arrow H_{\mathrm{C}}^{q}(\mathrm{r}\mathrm{y}\mathrm{S}(\overline{x}, \overline{M})/W,$ $J^{[r}])^{\varphi=}\mathbb{Q}pp^{r},N=0$
$arrow(\overline{D}^{q})^{\varphi=}p^{r},N=\mathit{0}\cong(^{\mp_{B_{\mathrm{S}\mathrm{t}}\otimes_{R}}}\backslash E\mathrm{Q}_{p}D^{q})^{\varphi=p^{r_{N=0}}}’-\sim(B_{\mathrm{S}}^{+}\otimes_{K_{\text{ }}}\mathrm{t}D)\varphi=pr,N=0$
, (6.1) . $m$ (
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